Abstract ---This paper presents a new genetic algorithm (GA)-based approach for the simultaneous power quality improvement and optimal placement and sizing of fixed capacitor banks and distributed generation DGs in radial distribution networks in the presence of voltage and current harmonics. The objective function includes the cost of power losses, energy losses, capacitor banks . Constraints include voltage limit, voltage THD, number/ size of (capacitor and generator) and power quality limit Candidate buses for capacitor placement and distributed generation are selected using the sensitivities of constraints and the objective function with respect to reactive power injection at each bus The effect of harmonics on reactive power compensation of radial distribution systems is studied in this paper. The problem of optimal capacitor and distributed generation sizing and placement is solved for a non-uniform radial distribution system with lateral sub-feeders with linear and non-linear loads distributed along the feeder. The voltage at each bus along the feeder after capacitor and DGs installation is calculated for each harmonic order.
I INTRODUCTION
SHUNT capacitors are installed in distribution systems in order to reduce power losses, regulate bus voltage and improve power factor, In recent years, distributed generation, as clean natural energy generation and cogeneration system of high thermal efficiency, has increased due to the problems of global warming and exhaustion of fossil fuels. The general capacitor placement and distributed generation problem consists mainly of determining the optimal size and location of the installed capacitors, distributed generation such that the maximum yearly benefit due to peak power and energy loss reduction against the cost of installation of capacitors is achieved [1] . Proper placement and sizing of shunt capacitor banks in distorted networks can result in reactive power compensation, improved voltage regulation, power factor correction, power/energy loss reduction, as well as power quality improvement [2] . At present, a lot of power electronics-based devices are widely used in power systems. DISTRIBUTED GENERATION (DGs) is expected to play an increasing role in emerging power systems [3] . Studies have predicted that DG will be a significant percentage of all new generation going online. Different resources can be used in DG, such as diesel and gas. Its impact on distribution systems may be either positive or negative depending on the system's operating condition [3] , [4] , DGs characteristics and location. Potential positive impacts include • improved system reliability; • loss reduction; • deferment of new generation;
• improved power quality. One assumption that is still being made in formulating the capacitor placement problem is that all loads are considered linear. In practice, a portion of the electric load is nonlinear due to the wide-spread use of energy-efficient fluorescent lamps and solid-state devices used in most electrical home appliances and office equipment. Recent measurements on typical distribution systems show that there is a significant amount of harmonic distortion in voltage and current wave forms [6] . Furthermore, the present of harmonic resonance make the gradient search method very difficult to produce global optimal results. a new genetic algorithm (GA) is a suitable method of shunt capacitor placement [2] , [5] . In the literature, many approaches have been reported for solving reactive power and voltage control problem in a distribution system [7] - [8] . In [7] , a static condenser at the distribution substation was used to improve the voltage profile and to prevent frequent operations of the LTC and capacitors. In [9] , a new supervisory type control scheme was developed to improve the performance of both the voltage regulator and capacitor controller in a distribution substation. In [10] and [11] , the reactive power and voltage control problem were considered only in either a distribution substation or on feeders, and did not take both of them into account. Most of the reported techniques for capacitor placement assume sinusoidal conditions and ignore the presence of nonlinear loads.
II.SYSTEM DESCRIPTION
Previous capacitor placement techniques and the genetic algorithms for optimal capacitor sizing and placement and optimal generator sizing and placement are applied to the system under study are shown in Fig.1 . It comprises a 66 kV primary bus and 11 kV secondary buses coupled through the 25 MVA main transformers. 5 feeders originate from the 11kV bus to supply 28 load centers.
III. PROBLEM FORMULATION
The problem is to determine the best capacitor size and location as well as the net savings due to capacitor installation on the main feeder and the lateral sub-feeders of a radial distribution system with multiple harmonic sources distributed along it. 
There is only one voltage regulator at the substation, with predetermined tap settings at each load level. However, if a specific situation calls for an unbalanced condition, different load variations, or multiple voltage regulators, the analysis presented can be extended without difficulty.
Additional assumptions are made with regard to electrical loads:
The forecasted active and reactive powers provided by the load duration curve represent fundamentalfrequency powers. This is a valid assumption since additional powers at harmonic frequencies are often negligible.
• The load at bus i is partitioned into i w nonlinear loads and (1 -i w ) linear loads. This separation can be achieved by careful examination of load composition and power ratings of each load.
• For simplicity, let both clusters of linear and nonlinear loads at bus i have the same displacement factor (i.e., power factor at fundamental frequency).
• The 
Where N is the upper harmonic order of interest, and It is desired to find which combination of capacitors, will result in maximum savings S, equation (7), at different loads considering harmonic sources, and subject to constraints (3) and (4).
C. Objective Function
The objective function used for capacitor placement or the net per unit saving S is then given by:
Where l k =the constant to convert power into dollars. 
D. Distribution Load Flaw
The total power loss loss P in a distribution system is given by : ) ( (14) is a direct application of Kirchhoff's current law, and by substituting in equation (13), rl p can be written as: 
IV. GENETIC ALGORITHM
Genetic algorithms use the principle of natural evolution and population genetics to search and arrive at a high quality near global solution. The required design variables are encoded into a binary string as a set of genes corresponding to chromosomes in biological systems. Unlike the traditional optimization techniques that require one starting point, they use a set of points as the initial conditions. Each point is called a chromosome. A group of chromosomes are called a population.
The number of chromosomes in a population is usually selected to be between 30 to 300. Each chromosome is a string of binary codes (genes) and may contain substrings. The merit of a string is judged by the fitness function, which is derived from the objective function and is used in successive genetic operations. During each iterative procedure (referred to as generation), a new set of strings with improved performance is generated using three GA operators (namely reproduct, crossover and mutation).
Step 1) input system parameters (e.g., system topology, line and load specifications). Input the initial population with chrom N chromosomes.
Step 2) set initial counter and parameter values (e.g. Step 3) (Fitness Process):
Step 3A: Run power flow for chromosome ch N and save outputs.
Step 3B: Compute fitness functions (8) Step 3C: If Step 4) (Reproduction Process): Paper No 0297
Step 4A: Define total fitness as the sum of all fitness values for all chromosomes.
Step 4B: Select a percentage of "roulette wheel" for each chromosome which is equal to the ratio of its fitness value to the total fitness value.
Step 4C: Improve generation by rolling the "roulette wheel" chrom N times. Select a new combination of chromosomes.
Step 5) (Crossover &Mutation Process):
Step 5) An Evaluate the fitness of all of the individuals in the population.
Step 5) B Create a new population by performing operations such as Crossover, fitness-proportionate, Reproduction and Mutation on the individuals whose fitness has just been measured.
Step 6) Discard the old population and iterate using the new population.
Step 7) Check all chromosomes, if there is any chromosome with Evaluate cost function and constraints and save it .set
Step 8) (Convergence): If all chromosomes are the same or the maximum number of iterations is achieved , then print the solution and stop, else go to the two parents, generate two offspring .
V. RESULTS
The presented algorithm was applied on the radial distribution system shown in figure (1 
VI Conclusion
This paper presents a method to incorporate linear and nonlinear load models in the problem of finding optimal size and location of shunt capacitors and distributed generation. A genetic algorithm is proposed for the discrete optimization problem of fixed shunt capacitor and DGs placement and sizing in the presence of voltage and current harmonics. Power and energy losses due to installed capacitors and cost of fixed capacitors are used as objective function . The new updated voltage and current values are used to solve for optimal size and location of capacitor and DGs as well as the net dollar savings. The method is simple and can he easily handled by the utility engineer.
